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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
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application from the International Bureau (PCT Rule 17.2(a)). 
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DETAILED ACTION 

1 . Claims 1 -24 are pending in the instant application. 

Priority 

2. Applicant's claim for domestic priority under 35 U.S.C. 1 19(e) is acknowledged. 

Drawings 

3. This application lacks formal drawings. The informal drawings filed in this 
application are acceptable for examination purposes. When the application is allowed, 
applicant will be required to submit new formal drawings. 

Specification 

4. This application does not contain an abstract of the disclosure as required by 37 
CFR 1 .72(b). An abstract on a separate sheet is required. 

Claim Objections 

5. Claim 20 is objected to because of the following informalities: 

Regarding claim 20, on line 5 the words "said until" should be replaced with -until 

said-. 

Appropriate correction is required. 

Claim Rejections - 35 USC §112 

6. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

7. Claims 10-12 and 22-24 are rejected under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. 
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Regarding claim 10, the beam scheduling sequence is claimed to be generated 
by the solution to the equation on line 5. However, the parameters and arguments of 
the equation set forth on line 5 are not properly defined. Hence, claim 10 is found to be 
indefinite because one skilled in the art is unable to determine the meaning of the terms 
in the equations on line 5 by the claim alone. To clearly claim generating a solution 
using the equation on line 5, all of the terms and arguments of the equation must be 
defined in the claim. Any notation used that is not common to one of ordinary skill in the 
art must also be defined so that one can understand the meaning of the claim without 
reference to the specification. 

Regarding claim 11, the term Pg-iig-i(Fg-i) is not defined in the claim, and it is not 
understood by one of ordinary skill in the art within the content of the claim. All 
mathematical arguments used in claims should be clearly defined so that one of 
ordinary skill in the art is able to define them by reading the claim. Claim 1 1 is found to 
be indefinite because the meaning of Pg-iig-i(Fg-i) is not clearly defined. 

Regarding claim 12, all mathematical arguments and notation used in claims 
should be clearly defined so that one of ordinary skill in the art is able to define them by 
reading the claim. Claim 12 is found to be indefinite because the equations on lines 3-5 
of the claim use arguments that are not commonly understood or clearly defined to one 
of ordinary skill in the art. 

, Regarding claim 22, the beam scheduling sequence is claimed to be generated 
by the solution to the equation on line 4. However, the parameters and arguments of 
the equation set forth on line 4 are not properly defined. Hence, claim 22 is found to be 
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indefinite because one skilled in ihe art is unable to determine the meaning of the terms 
in the equations on line 4 by the claim alone. To clearly claim generating a solution 
using the equation on line 4, all of the terms and arguments of the equation must be 
defined in the claim. Any notation used that is not common to one of ordinary skill in the 
art must also be defined so that one can understand the meaning of the claim without 
reference to the specification. 

Regarding claim 23, the term Pg-i|g-i(F G -i) is not defined in the claim, and it is not 
understood by one of ordinary skill in the art within the content of the claim. All 
mathematical arguments used in claims should be clearly defined so that one of 
ordinary skill in the art is able to define them by reading the claim. Claim 23 is found to 
be indefinite because the meaning of Pg-iig-i(Fg-i) is not clearly defined. 

Regarding claim 24, all mathematical arguments and notation used in claims 
should be clearly defined so that one of ordinary skill in the art is able to define them by 
reading the claim. Claim 24 is found to be indefinite because the equations on lines 3-5 
of the claim use arguments that are not commonly understood or clearly defined to one 
of ordinary skill in the art. 

Claim Rejections - 35 USC § 103 

8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which the subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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9. Claims 1-2, and 13-14 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over the admitted the prior art as shown in figure 1 in view of Nowak 
(5903826). 

Regarding claim 1 , the admitted prior art according to figure 1 discloses an 
apparatus for performing beamforming on a plurality of signals in a reception channel 
received from a receiving antenna array (pgs. 2-7, "background of the invention"; ref. 
12) the signals including simultaneous data signals from a plurality of transmitters^ 
frequency downconverting circuit (ref. 16) for converting the beam signal to baseband, 
and a multi-path/multi-user estimation circuit for generating path estimates and path 
estimate errors for each of the multiple simultaneous transmitters from the baseband 

beam signal (ref. 20). The admitted prior art as discloses the common use of a 

y • s i 

beamforming antenna array (refs. 12, 14). The admitted prior art does not disclose [an 

Nx1 switched beam beamforming circuit for weighting and combining outputs of N 

antenna receiving elements and generating a single beam therefrom based on a beam 

scheduling sequenc er aj jeam schedule generating circuit for generating the beam 

scheduling sequence for switching between ones of a plurality of beams for generation 

by the beamforming circuit} However, Nowak does teach an Nx1 switched beam 

beamforming circuit for weighting and combining outputs of N antenna receiving 

elements and generating a single beam therefrom based on a beam scheduling 

sequence (col. 3 f lines 61-66; fig. 2, ref. 28) and a beam schedule generating circuit for 

generating the beam scheduling sequence for switching between ones of a plurality of 

beams for generation by the beamforming circuit (col. 1, lines 55-60; col. 3, lines 59-61 ; 
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fig. 2, ref. 26). Therefore, it would have been obvious to one having ordinary skill in the 
art at the time which the invention was made to utilize the Nx1 switched beam 
beamforming circuit and beam scheduling circuit as taught by Nowak in the admitted 
prior art system as shown in figure 1 because by using the Nx1 beamforming switch and 
beamforming sequence circuit as taught by Nowak, the admitted prior art system could 
be simplified to contain fewer circuits as is obvious to one having ordinary skill in the art. 

Regarding claim 2, the admitted prior art as shown in figure 2 further shows an 
analog-to-digital converter (ref. 18) between the frequency downcon verting circuit and 
the multi-path/multi-user estimation circuit wherein the multi-path/multi-user estimation 
circuit comprises a digital signal processor (pg. 5, lines 21-26). 

Regarding claim 13, the admitted prior art as shown in figure 1 discloses a 
method for performing beamforming on a plurality of signals in a reception channel 
received from a receiving antenna array including simultaneous data signals from a 
plurality of transmitters comprising, receiving the outputs of N antenna and converting 
beam signal to baseband (fig. 1, ref. 16), and generating path estimates and path 
estimate errors for each of the multiple simultaneous transmitters from the baseband 
beam signal (fig. 1 , ref. 20). The admitted prior art does not disclose weighting and 
combining the outputs of the N antenna receiving elements and generating a single 
beam therefrom based on a beam scheduling sequence and generating a beam 
scheduling sequence for switching between ones of a plurality of beams for generation 
by the beamforming circuit. However, Nowak does teach an Nx1 switched beam 
beamforming circuit for weighting and combining outputs of N antenna receiving 
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elements and generating a single beam therefrom based on a beam scheduling 
sequence (col. 3, lines 61-66; fig. 2, ref. 28) and a beam schedule generating circuit for 
generating the beam scheduling sequence for switching between ones of a plurality of 
beams for generation by the beamforming circuit (col. 1 , lines 55-60; col. 3, lines 59-61 ; 
fig. 2, ref. 26). Therefore, it would have been obvious to one having ordinary skill in the 
art at the time which the invention was made to utilize the Nx1 switched beam 
beamforming circuit and beam scheduling circuit as taught by Nowak in the admitted 
prior art system as shown in figure 1 because by using the Nx1 beamforming switch and 
beamforming sequence circuit as taught by Nowak, the admitted prior art system could 
be simplified to contain fewer circuits as is obvious to one having ordinary skill in the art. 
Therefore, the admitted prior art in view of Nowak discloses a method for performing 
beamforming on a plurality of signals in a reception channel received from a receiving 
antenna array, the signals including simultaneous data signals from a plurality of 
transmitters, the method comprising the steps of: (1) weighting and combining outputs 
of N antenna receiving elements and generating a single beam therefrom based on a 
beam scheduling sequence, wherein N is an integer greater than 1 ; (2) generating the 
beam scheduling sequence for switching between ones of a plurality of beams for 
generation by the beamforming circuit; (3) converting the beam signal to baseband; and 
(4) generating path estimates and path estimate errors for each of the multiple 
simultaneous transmitters from the baseband beam signal. 
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Regarding claim 14, the admitted prior art as shown in figure 2 further shows an 
analog-to-digital converter (ref. 18) between the frequency downconverting circuit (3) 
and the multi-path/multi-user estimation circuit (4). 
10. Claims 3-9, and 15-21 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over the admitted the prior art as shown in figure 1 in view of Nowak as 
applied to claim 2 above, and in further view of Chang et al (Communications, 1999. 
ICC '99. 1999 IEEE International Conference on; page(s): 1588-1592 vol. 3) 

Regarding claim 3, the prior art in view of Nowak describes the limitations of 
claim 2 as applied above. However, the prior art in view of Nowak does not disclose 
that the schedule generating circuit is adapted to generate the beam scheduling 
sequence by determining a minimum mean square error estimation of a state-space 
model of the reception channel. However, Chang et al teach the use of least mean 
square (LMS) or minimum mean squared error, normalized least mean square error 
(NLMS), and recursive least square (RLS) methods for adaptive beamforming (pg. 
1 590, col. 1 , lines 35-40). The use of a minimum mean squared error estimation of a 
state-space model of the reception channel is commonly known in the art because it 
leads to correct symbol decisions. Therefore, it would have been obvious to one having 
ordinary skill in the art at the time which the invention was made to utilize the minimum 
mean squared estimation of a state space model of the reception channel as taught by 
Chang et al in the beamforming system as disclosed by the admitted prior art in view of 
Nowak because it would provide for better symbol decisions even when interference is 
found in the receiving channel. 
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Regarding claim 4, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 3 as applied above. Further Chang et al 
discloses switching the selected antenna beam at a rate faster than a data rate of the 
signals in the reception channel. Chang et al discloses chip-level beamforming (pg. 
1588, col. 2, lines 17-20) meaning that the antenna are switched on a chip by chip 
basis. One skilled in the art understands that the chip rate is sufficiently faster than the 
data rate. Because Chang et al discloses switching the antenna at the chip rate, this 
leads to the beam schedule generating circuit switching at the chip rate. 

Regarding claim 5, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 3 as applied above. The admitted prior art 
in view of both Nowak and Change et al disclose that the beamforming apparatus is 
configured to receive a spread spectrum signal. Nowak notes the reception of code 
division multiple access (CDMA) signals (col. 7, line 40) and Chang et al discloses 
CDMA reception as well in the introduction. It is well known to one skilled in the art that 
a CDMA signal is a direct sequence spread spectrum signal having a chip rate. Further, 
Chang et al discloses chip-level beamforming (col. 2, lines 17-20) meaning that the 
antenna are switched on a chip by chip basis. Because Chang et al discloses switching 
the antenna at the chip rate, this leads to the beam schedule generating circuit 
switching at the chip rate. 

Regarding claim 6, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 5 as applied above. Further, Nowak and 
Change et al disclose that the beamforming apparatus is configured to receive a spread 
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spectrum signal. Nowak notes the reception of CDMA signals (col. 7, line 40) and 
Chang et al discloses CDMA reception as well in the introduction. 

Regarding claim 7, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 6 as applied above. Further, Nowak and 
Change et al disclose that the beamforming apparatus is configured tp receive a spread 
spectrum signal. Nowak notes the reception of CDMA signals (col. 7, line 40) and 
Chang et al discloses CDMA reception as well in the introduction. It is well known in the 
art that CDMA signals are direct sequence spread spectrum (DSSS) modulated signals. 
Chang et al discloses that the CDMA signals are DS-CDMA signals (pg. 1591, col. 2, 
line 13) or direct sequence CDMA signals. 

Regarding claim 8, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 4 as applied above. Further Nowak 
discloses that the beam schedule generating circuit revises the beam scheduling 
sequence at predetermined intervals until revised (col. 5, lines 13-16). 

Regarding claim 9, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 8 as applied above. Further Nowak 
discloses a memory (fig. 2, ref. 38) and wherein the beam schedule generating circuit 
stores each beam scheduling sequence in the memory and retrieves the beam 
scheduling sequence from the memory to be used for controlling the beamforming 
circuit during the interval of its use (col. 5, lines 10-16). 

Regarding claim 15, the prior art in view of Nowak describes the limitations of 
claim 14 as applied above. However, the prior art in view of Nowak does not disclose 
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that step (2) above generates the beam scheduling sequence by determining a 
minimum mean square error estimation of a state-space model of the reception 
channel. However, Chang et al teach the use of least mean square (LMS) or minimum 
mean squared error, normalized least mean square error (NLMS), and recursive least 
square (RLS) methods for adaptive beamforming (pg. 1590, col. 1, lines 35-40). The 
use of a minimum mean squared error estimation of a state-space model of the 
reception channel is commonly known in the art because it leads to correct symbol 
decisions. Therefore, it would have been obvious to one having ordinary skill in the art 
at the time which the invention was made to utilize the minimum mean squared 
estimation of a state space model of the reception channel as taught by Chang et al in 
the beamforming system as disclosed by the admitted prior art in view of Nowak 
because it would provide for better symbol decisions even when interference is found in 
the receiving channel. 

Regarding claim 16, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 1 5 as applied above. Further Chang et al 
discloses the method of step (2) above wherein the selected beam rate is switched at a 
rate faster than a data rate of the signals in the reception channel. Chang et al 
discloses chip-level beamforming (pg. 1588, col. 2, lines 17-20) meaning that the 
antenna are switched on a chip by chip basis. One skilled in the art understands that 
the chip rate is sufficiently faster than the data rate. Because Chang et al discloses 
switching the antenna at the chip rate, this leads to the beam schedule generating 
circuit switching at the chip rate. 
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Regarding claim 17, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 15 as applied above. The admitted prior 
art in view of both Nowak and Change et al disclose that the beamforming apparatus is 
configured to receive a spread spectrum signal. Nowak notes the reception of code 
division multiple access (CDMA) signals (col. 7, line 40) and Chang et al discloses 
CDMA reception as well in the introduction. It is well known to one skilled in the art that 
a CDMA signal is a direct sequence spread spectrum signal having a chip rate. Further, 
Chang et al discloses chip-level beamforming (col. 2, lines 17-20) meaning that the 
antenna are switched on a chip by chip basis. Because Chang et al discloses switching 
the antenna at the chip rate, this leads to step (2) above wherein step (2) comprises 
switching the selected beam at the chip rate. 

Regarding claim 18, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 17 as applied above. Further, Nowak and 
Chang et al disclose that the beamforming method is configured to receive a spread 
spectrum signal. Nowak notes the reception of CDMA signals (col. 7, line 40) and 
Chang et al discloses CDMA reception as well in the introduction. 

Regarding claim 19, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 18 as applied above. Further, Nowak and 
Change et al disclose that the beamforming method is configured to receive a spread 
spectrum signal. Nowak notes the reception of CDMA signals (col. 7, line 40) and 
Chang et al discloses CDMA reception as well in the introduction. It is well known in the 
art that CDMA signals are direct sequence spread spectrum (DSSS) modulated signals. 
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Chang et al discloses that the CDMA signals are DS-CDMA signals (pg. 1591 , col. 2, 
line 13) or direct sequence CDMA signals. 

Regarding claim 20, the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 1 6 as applied above. Further Nowak 
discloses that the method of step (2) above comprises (2.1 ) the revising of the beam 
scheduling sequence at predetermined intervals (col. 5, lines 13-16), and (2.2) using 
each given beam scheduling sequence repetitively until the beam scheduling sequence 
is revised (col. 5, lines 10-16). 

Regarding claim 21 , the admitted prior art in view of Nowak and in further view of 
Chang et al discloses the limitations of claim 20 as applied above. Further Nowak 
discloses the method of (5) storing each beam scheduling sequence in a memory (fig. 
2, ref. 38) and (6) retrieving the beam scheduling sequence from the memory to be 
used for controlling the beamforming circuit during the interval of its use (col. 5, lines 10- 



1 1 , The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. The following prior art references not relied upon above are cited 
to further show the state of the art with respect to beamforming antenna arrays and Nx1 
beamforming antenna array switches. 

U.S. Pat. No. 5844951 to Proakis et al; MMSE beamforming method 

U.S. Pat. No. 5933446 to Bond et al; Adaptive beamformer 



16). 



Conclusion 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Jason M Perilla whose telephone number is (703) 305- 
0374. The examiner can normally be reached on M-F 8-5 EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Steven Chin can be reached on (703) 305-4714. The fax phone number for 
the organization where this application or proceeding is assigned is (703) 872-9314. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is (703) 306- 
0377. 




Jason M Perilla 
November 18, 2003 
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